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A shape selective conversion catalyst comprises a molecular sieve having a Constraint Index.of N30 which has been treat- 
ed with a mixture of a organosilicon selectivating agent and toluene at reaction conditions for converting toluene to xylene. 
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SHAPE SKI^ECnVE CONVERSIO N CATAIiYST 

The present invention is directed to a catalyst 
for shape selective conversions such as the conversion 
of toluene to para-xylene. / 
5 The term shape-selective catalysis describes 

unexpected catalytic selectivities in zeolites. ^ The 
principles behind shape selective catalysis have been 
reviewed extensively, e.g. by N.Y. Chen, W.E. Garwood 
and F.G. DwyeXf "Shape Selective Catalysis in 

10 Industrial Applications," 2A, Marcel Dekker, Inc. 

(1989) . Within a zeolite pore, hydrocarbon conversion 
reactions such as paraffin isomer ization, olefin 
skeletal or double bond isomerization, oligomerization 
and aromatic disproportionation, alkylation or 

15 transallcylation reactions are governed by constraints 

imposed by the channel size. Reactant selectivity 
occurs when a fraction of the feedstock is too large 
to enter the zeolite pores to react; while product 
selectivity occurs when some of the products cannot 

20 leave the zeolite channels. Product distributions can 

also be altered by transition state selectivity in 
which certain reactions cannot occur because the 
reaction transition state is too large to fori within 
the zeolite pores or cages. Another type of 

25 selectivity results from conf igurational diffusion 

where the dimensions of the molecule approach that of 
the zeolite pore system. A small chemge in dimensions 
of the molecule or the zeolite pore can result in 
large diffusion changes leading to different product 

30 distributions. This type of shape selective catalysis 

is demonstrated, for example, in the selective 
disproportionation of toluene to p-xylene, 

Para-xylene is a very valuable commercial product 
useful in the production of polyester fibers. The 

35 catalytic production of para-xylene has received much 

attention in the scientific community and various 
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15 


20 


30 


. ^^talvst para-selectivity Have 
jaetHods for increasii^g catalyst par 

been described. ^ , ^ 

-y-"^^^^^^^^ toluene in the presence of 
performed by methylation or reaction of 

. suitable catalyst ^t al. , 

.oluene vit. --anol a d s^ib ^y ^^^^^ . 

Mer. Chem. Sec. 1333., " ' j^^^^ -The 

..^.oportiona^ion^^ ^a^^^^- Conversions- , 
Chemistry of ^^"-^^^ „. such methods 
academic Ruction of a mi^e 

typically result in ^ „eta-xylene. 

including para-^ylene, "'^^j^^^'^, «talyst 
I>epending upon the P-^-^^'^^^^.^^^^ percentages of 
^ the -ction c««d^t-^^^^ 3mount 
para-xylene are obtained. T y ^^^^ 

Of feedstock actually -"^^f;^;:,fotion conditions. 

^"^r rgurib:^ rfacronTor the disproportiona- 
.ion rt:!:r :o.ylene and ben^ene proceeds as 

follows: 

2 Moles Toluene » 184. 27g 

. J 1 

I 108. 72g 

75.55g 


59% 



13.78g 
ortiLO- 


Xy —J 

p-Xylene purity=10 0x15^=2 4* 

62.63 
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One known method for increasing para-selectivity 
of a zeolite catalyst is to modify the catalyst by 
treatment with a "selectivating agent". Modification 
methods have been suggested wherein the catalyst is 
5 modified by treatment prior to use to provide a silica 

coating. For exeuaple, U.S. Patents 4,477,583 and 
4,127,616 disclose methods wherein a catalyst is 
contacted at ambient conditions with a modifying 
compoxind such as phenylmethyl silicone in a 

10 hydrocaurbon solvent or an aqueous emulsion, followed 

by calcination. Such modification procedtires have 
been successful in obtaining para-selectivity of up to 
about 90% but only at the expense of commercially 
unacceptable toluene conversions of about 10%, 

15 resulting in a yield of not greater than about 9%, 

i.e. 10% X 90%. Such processes also produce 
significant quamtities of ortho-xylene and meta-xylene 
thereby necessitating expensive separation processes, 
such as fractional crystallization and adsorptive 

20 separation in order to separate the peura-xylene from 

the other isomers. The other xylene isomers are 
customarily recycled, thereby requiring xylene 
isomerization units for additional conversion of the 
recycled xylene isomers into an equilibria xylene 

25 mixture comprising peira-xylene. 

Those skilled in the art appreciate that the 
expense of the separation process is proportional to 
the degree of separation required. Therefore, 
significant cost savings are achieved by increasing 

30 selectivity to the para-isomer while maintaining 

commercicQly accepteible conversion levels. 

Other conversion processes which benefit from the 
shape selectivity of the catalyst employed include 
dewaxing of hydrocarbon feedstocks; isomerization of 

35 alkylaromatics; oligomerization of olefins to form 

gasoline, distillate, lube oils or chemicals; 
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aromatics. the present 

= ;=':::tr ...c..ve 

tt. x»lecul« .ie.. ""^^ ^ „ initial 

t« pr«»- ^"7'^^ WO. .=« 

eon.tr.lnt "^^^^l,,, co^i.» » 

pref«i*ly X-U, «4 P „ ^ ZSK-6, . 

l„«.«^t. por.-.i.e ^^^^ 

,Ulo.-1«l» ratio !«. ^ iwreasea 

„. upha acid ox ^ -.Ud 

con^^sion par ^ cat^Vs^P^^^^ 

i, Msed on the »«f ^7 °' „ „ upba o£ 1 
.auMlna craocin, catalyst «*.n^ ^ ^.^„U,ea 

0 01. sac • ^ ^^^^^j,,^ 
inO.S. patent 3.354-» ^^^5,, ,<,i. 6, 

£.ami.. vol. „ ,,„o, . It is notad 


25 
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that intrinsic rate constants for many acid-catalyzed 
reactions are proportional to the Alpha Value for a 
particular crystalline silicate catalyst (see "The 
Active Site of Acidic Aluminosilicate Catalysts," ' 
5 Nature , Vol, 309, No. 5959, pp, 589-591, 14 Jxine 

1984). The experimental conditions of the test used 
herein include a constant temperature of 538 'C and a 
variable flow rate as described in detail in the 
Journal of Catalysis. Vol. 61, p. 395. Constraint 

10 index and the manner by which it is determined are 

described in U.S. Patent No. 4,016,218. 

The moleculeu: sieve catalyst employed in the 
process of the invention may be used in combination 
with a support or binder material such as, for 

15 example, a porous inorganic oxide support or a clay 

binder. The preferred binder is primarily silica. 
Other non-limiting examples of binder materials 
include alumina, zirconia, magnesia, thoria, titania, 
boria and combinations thereof, generally in the form 

20 of dried inorgemic oxide gels or gelatinous 

precipitates. Suitable clay materials include, by way 
of example, bentonite and kieselgxihr. The relative 
proportion of suitable crystalline molecular sieve to 
the total composition of catalyst and binder or 

25 support may be 30-90 percent by weight juid is 

preferably 50-80 percent by weight of the composition. 
The composition may be in the form of an extrudate, 
beads, or fluidizable microspheres. 

The molecular sieve catalyst is provided with the 

30 required shape selectivity by treatment (hereinafter 

referred to as "trim-selectivation") with a mixture of 
a selectivating agent and toluene under conditions 
sufficient to disproportionate the toluene to xylene. 
The selectivating agent is fed in an eunotint of 

35 0.1-50%, preferably 0.1-20%, by weight of the toluene. 

The trim-selectivating agent is preferably a volatile 
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. «fl tue reaction conditions 
organosilicon compound ^oO'C to 600-C, 

conveniently ^^-^^'^1^77^^^ ^° 

La (0 to 2000 psig). i;,^ogen to l^ydrocarbons 

Z 800 psig) ; a Bole -tic o^^^^^ ^ preferably 1 
0 (i.e. no ^y^°^-^i^^::nIocity (VHSV) of 0.1 
,o * and a weight ^0-^^^^^;^^^, ,.i.-selectivation 
to 100. preferably 0.1 to 1 ^^^^^^^ 
process preferably --^^J^,,^',^cess to be catalysed 
vessel used -or-^l-'^Z:,,o\o^ . »ost preferably 
and preferably lasts ^ ^^^y,,^, a siliceous 
Xess than X70 ^^^^ zeolite surface, reducing 

r^^atr ^ace activi. and eyeing 

^lecular ^^^^rlTsTZ^^^'^ ^^^^ ''^^^^ 
pre-treatment vitH a i„ the form of a 

referred to as "P--^^!^7tor pre-selectivation tbe 
silicon-containing -^"^^J^^ eternal surface 
,Uicon compound is ^^^-^.^metbod. ^or example, 
of tl.e catalyst by any ^^^^^^^.^^^ in a solvent, 
t sUicon compound may xbe silicon 

^ed vitlv tbe catalyst , ^ a 

compound employed may ^f contact witb a 

liquid or a gas under ^"^"^ etepositing silicon on 
'.tSte. Bxamples J^^^e lound in U.S. Patents 
tt.e surface of tbe .eolith ,^,„,583. 
4.090,981, *'^^^'^^^'J;fo; L sUicon-containing 

Following d-P°^^^°Vi!n the catalyst is 
compound in P---^ ~ P^e, tbe catalyst may be 
preferably calcined. ^^^^^ atmosphere, 
Llcined in an o^^^^'J^^^, ^ ^'C/minute to a 
preferably air, at a rate ^^^^ ^ temperature at 

temperature ^-^^ J^^^ zeolite is adversely 

vhicb the crystallxnity tn 
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affected. Generally, such temperatxire will be below 
600 'C, Preferably the temperature of calcination is 
within the approximate range of 350* to 550 'C. The 
product is maintained at the calcination temperature 
5 usually for 1 to 24 hours. 

Subjecting the catalyst to pre-selectivation is 
found to reduce the time taken and the amount of 
selectivating agent required to trim-selectivate the 
cateilyst. 

0 The silicon compounds used for the 

pre-selectivation and/or the trim-selectivation may 
comprise a polysiloxane including silicones, a 
siloxane, and a silane including disilanes and 
alkoxysilanes . 

5 Silicone compounds \i^ich can be used in the 

present invention can be characterized by the general 
formula: 

r 1 
I Ri I 

0 II 

H- si^ 
I I 
I 14 I 

L J 

n 

5 where is hydrogen, fluorine, hydroxy, alkyl, 

aralkyl, alkaxyl or f luoro-allcyl • The hydrocarbon 
substituents generally contain from 1 to 10 carbon 
atoms and preferably are methyl or ethyl groups. 
is selected from the same group as R^, and n is an 

0 integer of at least 2 and generally in the range of 2 

to 1000. The molecular weight of the silicone 
compoxind employed is generally between 80 and 20,000 
and preferably 150 to 10,000- Representative silicone 
compounds include dimethylsilicone, diethylsilicone, 

5 phenylmethylsilicone , methylhydrogensilicone , 

ethylhydrogensilicone, phenylhydrogensilicone , 


pCr/US93/02254 


W093/1T788 


8 


silicone, -ce^.*— Hvdrogen silicone, -ce.-- 
tctrachloropnenyl- ^-^^^^y.^inyieiUcone and 

puenylphenyl B^^°-^;j:ticone compound need not 
,«,,.vinylsil3^=one^^^^^ as .or example 


linear but nay ^ "' -l octamethyl- cyclo- 
Ua»et^yl^clotrisiI«-- ^^^^ 
^.^trasiloxane, Hexaphenylcy ttoes« 
:rpUcyclot-asi^^^^^^ ,,,^„es w.^ 

compounds may also be use 

othe;: functional groups- ,3 iixclude as 

useful siloxanes f !°^„icyclotrisiloxane, 
non-li^aiting examples ^«^f^^t^,«.ylcyclopenta- 
:lLtbylcyclotetrasUox^^^^^^^ 

Txoxane. ^examet^^l^^ilo^^^^^^^^o^^^^^^ 
.v^itetrasUoxane, bexa . ^^lotri- 


10 


and 
these 


15 


lylcyclotri- 


20 


siloxane, n^ bexaetbylcycJ 
aecametbyltetr^^^;^,, .exaphen,- 
octaethylcyclotetras"^ ^^l^oxane. 

.iloxane and octaP^^^^^^,^^ «^°^^T%eneral 
include organic su« 


formula! 


25 


I 

R-Si-Rj 
1 


hydrogen, 


30 


as R or 
of from 1 


an o; 
to 40 


•'"^l of t.e .Wl 


1 to 
24 


35 


carbon atoms, aryx y 
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be further substituted, alkylaryl and arylalkyl groups 
containing 7 to 30 carbon atoms • PrefereQsly, the 
alkyl group of an alkyl silane is between 1 and 4 
carbon atoms in chain length. Mixtures may also be/ 
5 used. 

The silanes or disilanes include, as non-limiting 
exan^les, dimethylphenylsilane, phenytrimethylsilane, 
triethylsilane and hexamethyldisilane. Useful 
alkoxysilemes are those vith at least one 

10 silicon-hydrogen bond. 

While not wishing to be bound by theory, it is 
believed that the advzintages of the present invention 
are obtained by rendering acid sites on the external 
surfaces of the catalyst substantially inaccessible to 

15 reactants while increasing catalyst tortuosity. Acid 

sites existing on the external surface of the catalyst 
aTB believed to isomerize the peura-xylene exiting the 
catalyst pores back to an equilibrium level with the 
other two isomers thereby reducing the amount of 

20 para-xylene in the xylenes to only about 24%. By 

reducing the availed^ility of these acid sites to the 
para-xylene exiting the pores of the catalyst,, the 
relatively high level of para-xylene ceoi be 
maintained. It is believed that the select ivating 

25 agents of the present invention block or otherwise 

render these external acid sites unavailable to the 
para-xylene by chemically modifying said sites. 

Preferably, the kinetic diameter of the 
selectivating agent is Ijor^er than the zeolite pore 

30 diameter, in order to avoid reducing the internal 

activity of the catalyst. 

It is also believed that the presence of hydrogen 
in the reaction zone is important when a silicone 
compound is used as the trim-selectivating agent. 

35 The selectivated catalyst of the present 

invention is suitable for use in a variety of shape 
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• nrocesses including 

taction conditions includ^ ^3, 

to 700-C. . ^-="f„;4i°«„ly .pace velocity =t o-^ 

taction =o"*i^°-;^'^ .000 »a (0-^ « ^ 
« 700-C, a °' " .j^ce «l=city of 0.1 

.«o^«r«) - ^tlo. -It." -action 

« ,0, con«rtl^ ^^Ikture of 300-c to 700-C, • 

to 60 armoeti^~ 
a pre.snr. of 10 to 6"° ^ ' « MO and a 

: MorlV 'f;^:i;„f 0 to », con.«:tln, 

i:::.'^::;^. - ^-Vf o to con^^tin, 

ty4ro9onAJ*°c«*on " 

Ichol., .... ""-^'^Icf to .yarooax^ 
j^utog olefin "^"l^^tur. of 275-c to 600-C, 
a pre»ur. of 50 to „, o.= to 100 = 

i,„«n.ln9 xyl-"' '"^^erat-I. of "0-C to 510-C, 
e„<atlon. inoludin, a ^ „ .^osphera") . a 

a pressure of 300 to »00 « ( „ a 
«elgM hourly space -^^^ „ „ lOO; 

^^en/l««rocarbon """^ ^^^^^ conditions 
eisproportlonatin, toluene »i ^ ^^^^ 

including a tesperature of 200 ^^^^p^^res) and 

.00 to .000 KPa <=-;^;^=;, « .0, 
a .eight -n;r=:^ons. e.g. hen.ene and 

allcyiating aromatic ny 
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nylon. Caprolactam may be produced by Beckmann 
rearremgement of cyclohexame oxime over acid catalysts 
including zeolites. The synthesis of caprolacteua is 
described, for example, in U.S. Patent No. 4,359,421. 
5 The catalyst of the invention is paurticularly 

useful in the disproportionation of toluene to 
para-xylene. For exeunple, a para-xylene purity of 
greater thaji 90%, preferzd>ly at least 95%, based on 
all Qq products can be attained with a toluene 

10 conversion of greater than 15%, preferably at least 

20%, and most preferably at least 25%. Moreover, the 
ortho-xylene isomer can be reduced to not more than 
about 0.5% of the total xylene content while the 
meta*-xylene isomer can be reduced to less than about 

15 5% of the total xylene content. In addition, when the 

reaction system is properly treated, such as by 
deposition of platinum on the molecular sieve, the 
presence of ethylbenzene can be significantly reduced, 
e.g., to less than about 2% of the C^ product. 

20 Operating conditions for the toluene 

disproportionation process of the present invention 
include a temperature of 350 - 540 *€, preferably 
greater than 400 'C, a pressure of 100 to 35000 3cPa 
(atmospheric to 5000 psig) , preferably 800 to 7000 kPa 

25 (100 to 1000 psig), a WHSV of 0.1-20, preferably 2-4, 

and a hydrogen to hydrocarbon mole ratio of 0.1-20, 
preferably 2-4. This process may be conducted in 
either fixed- or fluid-bed mode with attendamt 
benefits of either operation readily obtainable. 

30 The effluent is separated and distilled to remove 

the desired product, i.e., para-xylene, plus other 
by-products. The unreacted reactemt, i.e. toluene, is 
preferably recycled for further reaction. The benzene 
is a valuable co-product. 

35 In accordance with a preferred embodiment of the 

present invention, when used in the disproportionation 
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.alvst is further modified in order 
of toluene, the catalys ^y.products, 
to reduce the amount -'^^ the art is 

particularly -^^"^^.^nt from toluene 
such that the '^-^^"^f ,,„tains about 0.5% 
disproportionation ^'^^^^^ aistUlation of the 
ethylbenzene ^Y-P^J^f V J ,f ethyll>enzene in the C3 
reaction products, the lev ^^^^ ^^^^^ 

fraction often increases grade 
of ethylbenzene is ^^^^^^^^ ^ product, if -t 
p-^lene since et^y^*'^"-"""^,, ,i^rs ultimately 

removed, de^ -e^;^^^^^^^^ Conse^ntly, 
produced from the pxyien p 

ethylj:cnzene content must be kep 

:^cmcation for etbyl^-ene in s^P^ ^^^^^ 

/een -er^l^^X^ltiaU: removed by 
ethylbenzene be « ,„,,tion processes, 

isomerization conventional 
Removal of the -^^"^^J^^ with the present 
Uomerization would ^ ^^^^ comprises 
invention since the ^'^J'^^^^ ^ concurrently 
neater than S0% P^-;^^^;^^ reducing the amount 

r^^srrrs^^^^^^ 

extremely expensive. downstream ethyl- 

. - "'^^ r tlfle^l Of ethylbenzene by-product 

benzene removal, \ incorporating a 

is advantageously ^^^^^^^^^^'^^^ion in the catalyst 
„nation-dehyd^^nat^»^^^ 

via addition of a ^^J^^^^^ ^.^al, other metals 
^ile platinum is the Pre ^^^^^^^ ^xybdenum, 

such as palladium, nicXel. ^^^^^ 
rhodium, ruthenium, '^^^^^ thereof may be 

iron, zinc, caami^^ and mxxtu^^^ ^^^^^^ ^^^^^^^^ 
utilized. The metal may 
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in amounts of 0.01 - 2%, typically about 0.5%. The 
metal- must be able to enter the pores of the catalyst 
in order to survive a sxibsequent calcination step. 
For exaB5>le, a platiniim modified catalyst can be 
5 prepared by first adding to the catalyst a solution of 

ammonium nitrate in order to convert the catalyst -to 
the junmonium form, and subsequently, an aqueous 
solution of tetraamine platinum (11) nitrate to 
increase activity. The catalyst can then be filtered, 
10 washed with water and calcined at temperatures of 250* 

to 500'C. 

The invention will now be more p^u^ticul^a:ly 
described with reference to the Examples and the 
accompanying drawings, in which: 
15 Figure 1 is a graph comparing xylene 

peira-selectivity and toluene conversion over a 
silicone trim-selectivated ZSM-5 catalyst in the 
presence of hydrogen (Exsunple 1) or nitrogen as a 
function of stream time, 
20 Figure 2 is a graph similar to Figure 1 and 

provides results of a hydrogen co-feed at the slightly 
lower temperature used in Exjunple 2, 

Figure 3 is also a graph similar to Figure 1 and 
shows results obtained in the edDsence of a hydrogen 
25 co-feed (Exeunple 3) , 

Figure 4 is a graph showing para-xylene and 
toluene conversion as a function of time on stream. 

Figure 5 depicts paura-selectivity and conversion 
rates for a zeolite which has been pre-selectivated 
30 with 10% SiO^, and 

Figure 6 provides para-selectivity and conversion 
rates for a zeolite which has been pre-selectivated 
with 5% SiO^* 
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_ -•T-ried out in a 

Toluene 

ctalyrt having » "^^^ of 731. 

crystal .i« °* ".1 ■>^«!^;J^.*'^„^l„, « .Ui^' 
feed to the reactor "= "^'.^ioon. to diethyl 

.iUcone ratio of l-l- ^ ^ . 

«SV, 480-c, 3W0 B. (= ^ «i^e 

hydrocarbon ratxo of 2. ^^^^ „ . junction 

conversion and para-Wlan. » ^„ieotivatl=». 

Of .U, on .trea. ^--^^^ 

■^^^ para-xyl«ne in 

S££esax-Ja^ — 22 


1 21 

57 

6 24 

51 

22 39 

42 

46 70 

36 

20 9« 28 

143 

170 91 

25 


^*^*, ^«--Fced discontinued. 
* Silicon® co-feea 


It i. noteworthy that tM ^^t^i^'teHctivlty 
„tion .ubtantlelly ^"^"^J'^^Zl* hour, on 
^ „ iiatial 22* to '^;„„f „„en.. 1-, the 
the feed was '^''t " over the foll=«l^ 
emcon. co-feed was ^^'^^^„,^ 
one wee* test period, tol^e^^ ^.^ectivlty remained 
constant at 25* and par.-:cylene 
constant at 91». 
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20 


The above results are illustrated by Figure 1, 
which ' also includes the resxilts of conducting the 
selectivation in the presence of nitrogen, rather than 
hydrogen. In the presence of nitrogen, the catalyst 
deactivated rapidly and conversion quickly approached 
2ero. 

EXMIPIg 2 

The toluene disproportionation process of Ex2unple 
1 was repeated at 4.0 WHSV, 446*C, 3550 kPa (500 
psig) , md a hydrogen/hydrocarbon ratio » 2 . Table 2 
summarizes toluene conversion and para-xylene 
selectivity as a function of time on stream. 

TABI£ 2 

Time on 

stream, hr qonvergiprif wt^ 


p-Xylene in 
xylenes. vt% 


1 

44 

29 

25 

42 

34 

47 

37 

58 

94 

31 

86 

143 

29 

93 

176 

27 

96 

199 

26 

-97 

223 

25 

97 

239* 

25 

97 


25 


* Silicone co-feed discontinued. 


30 


Silicone trim-selectivation increased para-xylene 
selectivity from 24* (thermodynamic value) to a high 
97% at 25% toluene conversion. When the silicone 
co-feed was discontinued, the paara-xylene selectivity 
and toluene conversion were unchanged at 97% and 25%, 
respectively. The results are illustrated by Figure 2, 
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iSSmS-S. Example 
1 ^ repeated at ' 3 end 

selectivity a. a ^ at 1.. 

the c=nver.l=n '^'^ ^ the 

on stream In ^^^^l^^^ on atreaB 


para-xylene in 


presence o£ ny«i."y-'' ■ - 

has stabilized at 25%. 
10 conversion has sta» ^ 

pox » "J. 

15 « 2 S2 

96 ^ 93 

136 ^ , 97 

0.1 


184 


^Tnnation over siOj-HZSH-S was 
"^"^ dla^-^^^^,^i^o«ne 1. a 
carri^l ™* "'^*^i^.^ectlvatln, agent. 
tol««» » V^... 3550 KSa (500 paig) . 

conditio^ — - ^ 
4.0 WHSV, and Hj/HC--*- 
25 results. 

Toluene 

^^^^ 

30 

46 15 

98 

71 
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15 


Toluene disproportionation with trim- 
selectivation as in Example 4 was carried out using^ 
hexamethyldisiloxane (HMDS) . Table 5 and Figure 4 
summeLrize the results* 

iaEtE-5 /f 
p-Xylene in 

28 
56 
80 
95 
98 
99 
99 


Time on 
Streams, hrs, 
1 
2 
4 
14 
24 
47 
54 


Toluene 

47 
42 
37 
33 
28 
20 
18 


Figure 4 illustrates the high p-xylene 
selectivity zmd toluene conversion over 350 hours on 
stream. The toluene conversion remained at edaout 18 • 
20% with a p-xylene selectivity of 99% for an extended 
20 period of time, HMDS was discontinued after about 50 

hours. "\ 

EXAMPtES 

The process of Example 4 was repeated out with 
trim-selectivation using the siloxanes listed in TeQ^le 
25 6. Operating conditions were 446*C, 3550 kPa (500 

psig), 4.0 WHSV and H^/HC - 2. The resxilts after 24 
hours are shown in TaQ^le 6. 
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6 


9 

10 10 
11 

12 


Methylhydrocyclosiloxanes 

7 Hexamethylcyclotrisiloxane 

8 1,3, s-Trimethyl-l ,3,5- 
triphenylcyclotrislloxane 

«,r.i otfitrasiloxai 


Decametnyicy^-^"*"" 

DecaBethyltetrasiloxane 

flexamethyldisiloxane 

13 1,1,3,3,5,5- 
Hexamethyltrisiloxane 

14 octametnyltrisiloxane 
(after 41 hrs) 


p-xylene/ 

Toluene 

Xylenes, 

conversion 


wVf ^ 

89 

13 

84* 


85 

31 

le 88 

23 

le 90 

28 

98 

24 

98 

24 

96 

14 

81* 

20 


a . continuation Of ^ " selectivity to 

cited tl.e periods ^-^^^ ^east 15%. 

^ove 90% wit. 

'° . i^ctivat^^^ri^^^^^^ * *"^ ^ ^^''^ 

Trim-selectivations 

carried out with the «i^*"- ^^^^^^ (^00 psig) , 
operating conditions --^^^^^ ,,,er 24 hours 
4.0 WHSV and Hj/HC - 2. The r 

are Shown in Table 7. 


p-Xylene/ Toluene 
xylenes, Conversion 
_ wt.% __JStJL 


EC. siissansa 

97 
86 

■»-' ' 85" 

18 Triethylsilane 23 


fiii. ■ 96 

15 DiphenylsUane 

16 Dimethylphenylsilane 

17 PhenyltriBethylsilane 


18 xrieu^jf-- 

19 Hexa:nethyldisilane ^^i^ation beyond 24 
hours brings the p-xyiene 
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mCAMPI^ES 20-24 

For comparison purposes, the compounds listed in 
Table 8 were tested as in Examples €-19 with results 
shown in Table 8, 
5 TABtfl 9 

p-Xylene/ Toluene 
Xylenes, Conversion 

Ex. Slloxanes wt.% Vtt^ 

20 Hexaphenylcyclotrisiloxane 43 -29 
10 21 octaphenylcyclotetrasiloxane 66 28 

22 Tetra-(n-butyl)-orthosilicate 36 2 

23 Tetra-ethyl-orthosilicate 38 3 

24 . Tetra-(2-ethylhexyl)- 

orthosilicate 33 1 

15 EXftHPLE 25 

A silica pre-selectivated ZSM-5 catalyst was 
prepared by adding 5,00 g HZSM-5 to 1.26 g 
phenylmethylpolysiloxane dissolved in 40 cc hexane. 
The solvent was distilled and the catalyst was air 

20 calcined at 1-C/min to 538*C, then. 6 hoiirs at 538*0. 

The pre-selectivated catalyst contained a nominal 10% 
added silica. ' . 

Silicone trim selectivation of the 10% 
SiO^-HZSM-S was carried out at 446 'C, 3550 kPa (500 

25 psig) , 4.0 WHSV, and hydrogen/hydrocarbon ratio « 2. 

Taible 9 and Figure 5 show toluene conversion and 
para-xylene selectivity for 10% Si02-H2SM-5 as a 
function of time on stream. 
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10 


15 


20 


25 


30 



35 


«l.ene. over U.. „ 

„7-c .na portly '^""^ " htly to 20* o«r the 
^ eo 7^ ^ S so hours. 

O:o„ 89.2% to 99.6* 1, tte 10* 

^<^ea a eul=Bt«>tl.lly selectivity 
^^electlvatea ^/^^^^ee^ ,17 ti-e. 

faster tHan ^ optimum para- 

^so, the ti^e needed to ^^^^J^^^^^^^ hZSM-5 
selectivation, 1 day for pre ^^^^^^^ 
co^ared to 1 weeK for H^^'^;;^^^^ hZSK-SCASO'C vs. 
higher selectivation temperature 

446 'C). .-iitcone consumption was 

„e total P-^'-^^tranri^ ^» o. slUoone 
6.80 g silicone per 9 HJS" 
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per gram of pre-selectivated HZSM-5. Thus trim- 
selectivation of the pre-selectivated HZSM-5 cons^Imed 
nearly five (4.79) times less silicone than in the 
case of the non-pre-selectivated a catalyst. 
5 EXAMPLE 26 

Example 25 was repeated but with the 
pre-selectivated catalyst containing only 5% added 
silica. TeUDle 10 and Figure 6 show toluene conversion 
and para-xylene selectivity for 5% SiO^-HZSM-S as a 
10 function of time on stream. 

TABLE 10 

Silicone Selectivation of 5% SlO^-HZSH-S 
Time on Toluene peura-xylene in 

15 2 41 25 

4 41 27 

5 38 36 
7 35 54 

14 31 83 

20 21 27 95 

26 25 98 

Silicone trim-selectivation siabstantially 
increased para-xylene selectivity from 25% to 98% over 
26 hours on stream. Compared to 10% Si02~HZSM-5, the 

25 5% SiO^ catalyst showed consistently higher conversion 

over the one day selectivation time. Feed was then 
changed to 100% toluene. Over the next 6 hours the 
selectivity increased to 99% at 24% conversion, 
temperature was increased to 468 *C emd WHSV was 

30 decreased to 3. Conversion increased to 27%, then 

graduaJ^ly decreased to and remained constant at 21% 
for 6 days (146 hours) . Correspondingly, the 
para-xylene selectivity was initially unchanged at 99% 
then gradually increased to and remained constant at 

35 99.6%-99.9% for 6 days when the run was arbitrarily 

terminated. 
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10 


15 


20 


platinum(II)nl"«"."' a,, catalyst «a. 

.ad«i. >^ air calcine. « 

ration o£ 2.0- " ^ aiUca-»oa«le4 

Uon co.^.red to '^J' ^ ^„ the 

B5SH-5 Jrc Baw" " eo»»e«lon, the 

" ;:^:a."Xt. « . factor of 

it c nA 



45.84 

Benzene ^ ,35 

43.12 


0.59 
55.98 


EtHylbenzene ^^^^ 

,5 xylenes -J-Ii 

C,^ ,a:omal:ics ^ 100.00 

Ethyltoenzene in C3, wt. 29.8 

p-Xylene in ^y^-^^^'jf * 35 
30 Toluene Conversion, wt% 

rrTTwas treated iE Sita 
The catalyst of ^-^"^'\!';' ^y^Uoxane in 

wit. a 1. S ^ ^ 

toluene at 446-C. 3550 KPa ( P ^^^^^ 3^ 

hydrogen/hydrocarbon mole ratxo 
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hours on stream the feed was changed to 100% toluene. 
TeJDle 12 shows the product distribution compared to 
that of Pt-free, siloxEuie treated, silica-modified 
H2SM-5 tested under the same operating conditions. 
5 TABLE 12 


Component. vt% 




Benzene 


46.62 

38.43 

Ethylbenzene 


0.33 

1.18 

Xylenes 


52.35 

58.56 

Aromatics 


Ot7p 

1t93 



100.00 

100.00 

Ethylbenzene in C^, 

wt% 

0.63 

1.S8 

p-Xylene in Xylenes 

, vt% 

98.4 

98.7 

Toluene Conversion, 

wt% 

25 

22 


15 At slmileir toluene conversion, the ethylbenzene 

product was reduced by a factor of 3.6 using the 
Pt-catalyst while the p-xylene selectivities remained 
very high at 98.4%-98.7%. The undesirable C^+ 
euromatics product was also reduced by nearly a factor 

20 of 3. 

The results of Examples 29-31 which are tre^orted 
in Table 13, indicate the beneficial effect on ethyl- 
benzene in the product stream by the addition of 
platinum to the catalytic molecular sieve. 

25 EXAMPLE 29 

Silicone trim-selectivation of a 10% SiOj-HZSM-S 
was carried out using 1% phenylmethyl silicone in a 
toluene feed at 446*C, 3550 kPa (500 psig) , 4.0 WHSV, 
and a hydrogen/hydrocarbon ratio - 2. At 31 hours on 

30 streeun the feed was chaoiged to 100% toluene. At 52 

hours on stream the temperature was increased to 4 68 'C 
and at 165 hours the WHSV was lowered to 3.0. The 
data at 39 days on streeun are shown in column 1 of 
Table 13. 


pCr/US93/02254 

W093/IT788 

2 A 

lOMiOj-HZSH-S »as carri ^^^^ ^ 

.ilicone in a t=lu«.« '-"^ carbon ratio - 2. 

= r " 

At 56 hours on stream xn temperature vas 

toluene. At 73 hours on ^^^^f .trea. are 

increased to 468-C. The data at 7 
Shown in column 2 Of Tahlel3 

.ectiv^^T^a nitric acid activated 
SUicone selectivation 

,50. P.1S). 4-0^^ ^^^^ c..n,.d 
IS ratio - 2. At 27 noui. hydro- 

" .00, -^"f- JtrTrTair^^rin, t- — ^ 
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Silicone Silieone/Pt 




Ex. 29 

Ex. 30 

Ex. 31 


Reac^J.on Conditions 




5 

TGHiDdra'tiure . * C 

468 

468 

431 



500 

500 

500 



2 

2 

8 


WHSV 

3 

4 

4 


Q4~V"aam #4 Ave 
X Xfile Oil O uX^ecLEu / vicljf o 


7 


1 o 


23 

20 

21 


IrX^OuUwwS f WU'V 






^ • ^ 




Sam <y An a 

4<J • U 

% J . O 

AT 9 



1 Q 

0-2 

0.1 

X? 

Xylenes 

OO • 4 


Kft n 
DU • U 


£thylt:oluenes 

1.9 

0.5 

0.2 



Ot3 

0.1 

OtO 


100.0 

100.0 

100.0 


p-Xylene 

99.7 

98.7 

99.7 

20 

m-Xylene 

0.3 

1.3 

0,3 


o-Xylene 


trt 




100.0 

100.0 

' JLOO.O 


Benzene/Xylenes, m/m 

1.2 

1.1 

1.3 


p-XylenePur ity , wt% 

97.8 

98.3 

99.5 


25 Example 29-31 indicate that the levels of 

ethylbenzene in the reaction products of the present 
invention can be reduced by using a catalytic 
molecular sieve with a hydrogenation/dehydrogenation 
function such as platinum incorporated into the 

30 catalytic molecular sieve. The level of ethylbenzene 

in the product stream is preferably at a commercially 
acceptcible level of not greater than 0.3%, and is most 
preferably not greater than about 0.2%. 

As stated above, the present invention 

35 advantageously provides a product stream having a high 
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10 


15 


20 


25 


30 


with respect to the other Cg 
para-^cylene P-^^J^^^, J, relative prcpcrtxons 
products. Table 14 proviae 
of para-xylcne to various combinations 

comparison of Product Parameters 5 

rftT^^^ST calculated 

Equilibrium 

29 EX. 30 EX, 31 


26.4 
23.9 


262 
58.2 

37.4 


498 
166 


99.6 


2.5 
2.5 

1.6 


95.7 98.3 


10.6 


10.6 


99.5 71.8 
10.2 11-^ 


p-Xylene/EB 

p-Xyl/EB+^r<^"^^ 

(Other Cg) 

p-xyl/EB+m, o-xyl+Cg 12 

(otiier Cg+Cg) 
p-xylene purity 
(in all CgS) , wt% 
p-Xylene yield 
(based on all 
products and 
toluene) , wt% 

ca«iy»t trim 4 «HSV, »d 

B^/H«. "^7* ""J tw ratio 

hydrogen ver. co£^ to k> toW.ne 

""""Ton, tl. selectivity to p-ethyltoX«ene we. a 
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Toluene alky 1 at ion with methanol was carried out 
at 448 'C and 3550 kPa (500 psig) over 2.00g 
Si02-HZSM-5 catalyst trim select ivated as described 
5 EdDOve. Toluene was pumped at 4 WHSV. Methanol and 

hydrogen were cofed to maintain the mole ratio 
toluene/methanol/hydrogen - 4/1/8. At 14% toluene 
conversion (56% of the theoretical 25% maximum 
conversion) , the selectivity to p-xylene was a very 
10 high 99,9% with only 0.1% m-xylene. 

gXMlPKB 34 

Conversion of n-heptane was ceunried out 446 'C, 
100 JcPa (0 psig), and 4 WHSV over 2.00g SiO^-HZSM-S 
catalyst trim selectivated as described above. The 
15 aromatic product distribution at 21% heptane 

conversion is shown in the following table. The 
p-xylene selectivity in the xylene fraction was a very 
high 99.3% with only 0.7% m-xylene. 


comppn^nt 

wt.% 

Benzene 

6«2 

Toluene 

44.6 

Ethylbenzene 

4,7 

Xylenes 

39.5 

p-Ethyltoluene 

5,0 


100.0 


EXAMPLE 35 

Conversion of methanol was carried out at 371 'C, 
100 kPa (0 psig), and 1 WHSV over l.OOg SiO^-HZSM-S 
catalyst trim selectivated as described above. The 
30 liquid product distribution at 100% methanol 

conversion is shown in the following table. 
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15 


20 


25 


2.0 

5 b 

84.0 
2.2 
42.1 

9+ 100.0 


Benzene 
Toluene 
Ethylbenzene 

xylenes 


.1^. TO. 4-hydr<«y.c»to-ph«»ne product 1. 

,^,.eneoU.o»eri.ation was carded 

Sio,-HZS«-5 catalyst triB ^^^^^^^^^"^^^^^ 

^ r.^-««i and lube products were obtained wxt^ 
above. Diesel and luc ^ straight chain 

high selectivity to the desirable srrai^ 

hydrocarbons. 

DirtULt. d«axln, «s «m«l out at 343-C 

above. The product quality was 
hy the selective cradcing of straight chain, wa^ 
^ The pour point of a heavy gas oil 

hydrocarbons. Tue poux f ,^n'V\ 

, ^ ^ ■>KT (95*7) to -7'C (20 FJ. 
Improved from 35 C ^sa 
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CIAIMS ; 


1. A shape selective conversion catalyst comprisijig 
a molecular sieve having a Constraint Index of 
1-30 which has been treated with a mixtiire of a 

5 selectivating agent and toluene at reaction 

conditions for converting toluene to xylene^ 

2 . The catalyst according to claim 1 wherein .said 
reaction conditions comprise a temperature of 350 
- 540* C, a pressure of 100 to 34500 kPa 

10 (atmospheric to 5000 psig) , a WHSV of 0.1 to 20, 

, and a hydrogen to hydrocarbon molar ratio of 0 . 1 
to 20. 


3. The catalyst according to claim 1 wherein said mixture 
comprises at least 80% by weight of toluene and at 
15 least 0.1% by weight of the selectivating agent. 


4. The catalyst according to claim 1 wherein the 

molecular sieve is treated with a silicon-containing 
selectivating agent prior to treatment with said 
mixture. 


20 5. The cataJLyst according to claim 1 or claim 4 wherein 

the selectivating agent comprises an organosilicon 
compound. 

6. The catalyst according to claim 5 wherein the 

organosilicon compotmd is selected from polysiloxanes, 
25 siloxanes, silcmes, disilanes and alkoxysilanes. 


7. The catalyst according to claim 1 wherein said 

molecular sieve catalyst has a Constraint Index of 1 
to 20. 
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20 


Tte catalyst acccrdin, « =lal» ^ 
catalytic molecular .leva cc:.s.ri.as ZSM-5. 

A process for a shape selective organic 
conversion comprising contacting a organic 
reaction stream to be converted with the catalyst 
according to claim 1. 

The process according to claim 9 wherein the 
shap! selective organic conversion is selected 
dawaxing of hydrocarbons, isomerization of 
alkylaromatics, oligomerization of olefins, 
.transalkylation of aromatics, alkylation of 
aromatics, conversion of oxygenates to 
hydrocarbons, rearrangement of oxygenates and 
tLversion of paraffins and olefins to aromatics. 

The process according to claim 9 wherein ttxe 
contacting is effected at a te»peratv^ of lOO^C 
to 760-C, a pressure of 10 to 20000 IcPa (O^l^to 
200 atmospheres), a weight hourly ^P^^^^^^^ 
of 0.0. to 2000, and a hydrogen/hydrocarbon molar 

ratio of 0 to 100. 
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